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• Explorer One - 1958

• Look into Small Mission Explorer (SMEX) program and its historic missions

• Questions to self:

– What’s the total average “low-cost” SMEX mission?

– What’s the average cost of spacecraft and instruments? 

– Changes of Cost, Mass and Power from PDR to launch? 

– What’s the average “Rapid” Development Schedule for Phase B-D?

– What are drivers for cost overruns? 

– What is considered to be “in-family” with respect to cost to previous actual missions? 

• Approach

– Gather data and inflated cost to FY18$ from NASA’s CADRe available on ONCE and perform top level 

research and analysis on each project and compared it against each other and by mission type – Astrophysics 

and Heliophysics

• After research and analysis

– Answer all or some of the questions mentioned (above)

– Generate rules of thumbs for small satellite explorer missions

– Understand and suggest some design space and cost trades for future small explorer missions while 

maintaining low cost compelling science and innovative technology in return 

Motivation and Objective
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JPL’s Concept Maturity Level (CML)
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• NASA’s Explorer Mission

– Explorer-1, first explorer mission Earth and 

Heliophysics science mission with one instrument 

weighing 4.82kg to detect trapped radiation in Earth’s 

magnetosphere (aka Van Allen Radiation Belt

– NASA have sponsored over 50 low-cost explorer 

missions

– Late 1980’s/early 1990’s NASA created the official 

Explorer Program for universities, all NASA centers, 

commercial industries and government labs to compete 

for funding

– Three Explorer class

• 1) Medium Explorers (MIDEX) $180M

• 2) Small Explorers (SMEX) $120M

• 3) Consist of two subclasses

– 3a) Mission of Opportunities (MO) $55M

– 3b) University Class (UNEX) $15M

– Sponsored by NASA’s SMD

– Explorer Program managed at NASA GSFC

• More info at: https://explorers.gsfc.nasa.gov/ 

History and Background of NASA’s Explorer Mission
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Explorer 1 – Launched January 31, 1958 (60 years) 

(from Left to right) Dr. William Pickering, James Van Allen, 

Warner Von Braun at The Jet Propulsion Laboratory

Titled: Explorer 1: First U.S. Satellite

https://www.youtube.com/watch?v=WT39gTs9X7k

https://www.youtube.com/watch?v=WT39gTs9X7k
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Summary of SMEX Missions 1/2
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Summary of SMEX Missions 2/2
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SMEX Total Lifecycle Phase A-F* By WBS**
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* Data shows that average breakout for Phase A-D and E/F cost is ~90% Formulation/Development and ~10% Operations
**Launch Ride/Services not included

Astrophysics Missions:
GALEX, NuSTAR, SWAS, WIRE

Heliophysics Missions:
AIM, FAST, IBEX, IRIS, RHESSI, SAMPEX, TRACE
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Cost Discussion on Variances
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Schedule – Development and Operations
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Note: WIRE - Cooler failed after lunched, but the star tracker was used to study star's oscillation and 

testing the concentrator system on the solar arrays which had the reflectors on them. 

SEMX Missions Mission Type
Development B-D 

Duration (Months)

Planned Mission 

Duration (Months)

Final or Elapsed 

currently in 

operation 

(Months)
0 GALEX Astrophysics 34 29 122
1 NuSTAR Astrophysics 36 24 75
0 SWAS Astrophysics 71 24 81
0 WIRE Astrophysics 37 4 16
1 AIM Heliophysics 39 24 136
0 FAST Heliophysics 57 12 152
1 IBEX Heliophysics 33 24 118
1 IRIS Heliophysics 37 24 62
1 RHESSI Heliophysics 42 24 199
0 SAMPEX Heliophysics 35 36 144
0 TRACE Heliophysics 30 12 147

Still in 

Operations
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Total Cost vs Launch Mass by Mission Type
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Costs vs Spacecraft and Mission Type
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Cost vs. Instrument and Mission Type 
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Astrophysics vs. Heliophysics Instrument Costs
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• Small Mission Explorer 14

• Imaging X-ray Polarimetry Explorer (IXPE)

– Selected 2016

– Currently in Phase B

– Estimated Launch November 2020

– “The Imaging X-ray Polarimetry Explorer (IXPE) exploits the polarization state of 

light from astrophysical sources to provide insight into our understanding of X-ray 

production in objects such as neutron stars and pulsar wind nebulae, as well as 

stellar and supermassive black holes. ” – from NASA Explorer’s program webpage

– For more info: https://wwwastro.msfc.nasa.gov/ixpe/index.html

Present – In Development
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https://wwwastro.msfc.nasa.gov/ixpe/index.html
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Present – Operation
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SEMX 

Missions
Mission Type

Development 

B-D Duration 

(Months)

Planned 

Mission 

Duration 

(Months)

Final or Elapsed for 

mission currently in 

operation (Months)

NuSTAR Astrophysics 36 24 75

AIM Heliophysics 39 Data Not Available 136

IBEX Heliophysics 33 24 118

IRIS Heliophysics 37 24 62

RHESSI Heliophysics 42 24 199

AIM
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• Total Mission Cost –to be “within family” of historic mission actuals, use the pie chart allocation 

by WBS and % as a ROT. Don’t forget to add cost reserve. Recommend 30%

• Payload instrument and Spacecraft will make up about half the entire PI-Managed budget (after 

reserve is accounted for)

• Astrophysics mission has one instrument (telescope)

• Heliophysics will have a range of 1-5 instruments (typically particles, mag. fields, etc.. )

• Phase B-D development median schedule is approximately 37 months (~4 years with Phase A 

included and should be not longer or cost will overrun). Consider long lead items with tight 

schedule

• Average Phase E/F schedule for Astrophysics is ~74 months (planned ~24 months) vs. 

Heliophysics ~137 months (planned ~40 months). Astrophysics mission are short-lived 

compared to Heliophysics. Astrophysics telescope detectors have a short lifespan compared to 

Heliophysics type instruments

• Cryocoolers add more costs, and if needed, consider commercial cryocoolers with successful 

flight heritage or find left over spare hardware from other projects

Rules of Thumb (ROT)
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• Get experienced PIs and other core member from prior mission team for newly 

proposed science explorers. PI should be involved with mission management decision 

while keep focus on proposed science concepts and technologies 

• Seek collaboration and partnership

• Small spacecraft that are commercially available are in the $10’s of millions

• Take lower risk on spacecraft (and higher risk with instrument)

• Rideshare. ESPA Grande (300kg) now costs about $8M (LEO) and $14M (GTO)

• Reduce the numbers of instruments (for Heliophysics missions)

• Partner with telescope vendors that has standardized telescopes for lower costs

• Be realistic during planning. Don’t be bias with involvement in project.

Suggested approach and ways to achieve the $120M SMEX Cap

Future - Enabling Low Cost Explorer Missions

19



j p l . n a s a . g o v

• Questions to self:

– What’s the total average “low-cost” SMEX mission? ~$ 200M. Every single project had cost 

growth when planned (minimum 10%-~50%)

– What’s the average cost of spacecraft and instruments? 

• Spacecraft - ~$50M 

• Instrument ~$60M for Astrophysics; and ~$40M for Heliophysics

– Changes of Cost, Mass and Power from PDR to launch? Cost, Mass and Power has shown 

increased for the mission with records from PDR to Delivery. 

– What’s the average “rapid” Development Schedule for Phase B-D?  Approximately 37 months 

on average. 

– What are drivers for cost overruns? New technology development, failure during testing, 

launch delays and re-testing

– What is considered to be “in-family” with respect to cost to previous actual missions? ~$190M 

for Astrophysics Mission and ~$200M for Heliophysics Mission

Summary
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• Paper

– Elvis, Martin, “A Vigorous Explorer Program – submitted to the Astro2010 NAS/NRC Decadal Review of 

Astronomy and Astrophysics” (white paper) (Year not specified)

– Watzin, James “SMEX LITE – NASA’s Next Generation Small Explorer” NASA GSFC, 1996

– Principal Investigator-Led Missions in the Space Sciences, National Academies Press (April 22, 2006)

• Chapter 5. PI-LED Mission Performance: Cost, Schedule, and Science

• Web

– NASA’s official Explorer Program Page https://explorers.gsfc.nasa.gov/smex.html

– NASA’s Astrophysics SMD https://science.nasa.gov/astrophysics

– NASA’s Heliophysics https://science.nasa.gov/heliophysics

– Explorers and Heliophysics https://ehpd.gsfc.nasa.gov/

– NASA CADRe https://oncedata.msfc.nasa.gov/ contact Eric Plumer eric.plumer@nasa.gov or James Johnson 

james.k.johnson@nasa.gov

References
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• The ROT and guidance are intended to be used as a pre-phase A analysis

• The analysis and ROT were generated from high level data 

• The data used from research are not normalized (data dive and vetted with the project’s 

management, systems engineering and/or PI) after the retrieval from source

• The data sources are from CADRe and other resources such as scholarly published papers, 

articles, and journals

Caveats

22



j p l . n a s a . g o v

Thank you to my colleagues for 

their contribution and support at :

The Jet Propulsion Laboratory

Dr. Tony Freeman, co-author

Mike DiNicola

Dr. Jairus Hihn

Dr. Alfred Nash

TeamX and The Innovation Foundry at JPL

Contact:

mchael.saing@jpl.nasa.gov

anthony.freeman@jpl.nasa.gov

23



j p l .nasa .gov



j p l . n a s a . g o v

Cluster

Back-up
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Total Mission Costs and 
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Total (Dry) Launch Mass
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Spacecraft Costs and Launch Mass
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Instrument Cost and Mass
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